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Description 


SYSTEM AND METHOD FOR THE 
MEASUREMENT OF FULL RELATIVE 
POSITION AND ORIENTATION OF 

OBJECTS 

Cross Reference to Related Applications 

[0001] The present application is a continuation-in-part of co- 
pending U.S. patent application, titled "Autonomous On- 
board Absolute Position And Orientation Referencing Sys- 
tem," Serial No. 10/065,023, filed on September 11, 

2002, which is incorporated herein by reference. 
Federal Research Statement 

[0002] The invention described herein may be manufactured and 

used by or for the Government of the United States for 
governmental purposes without the payment of any royal- 
ties thereon. 
Background of Invention 

[0003] The present invention relates to systems (sensors) de- 


signed to measure full angular orientation and position of 
an object relative to another object. In munitions and 
other similar applications, such a system provides an ab- 
solute onboard referencing system, in which the muni- 
tions is provided by its full position and orientation infor- 
mation relative to one or more ground stations or other 
mobile platforms during the flight. In munitions applica- 
tions, this full position and orientation referencing system 
offers advantages over other position and orientation 
measurement systems (sensors) for guidance and control 
of smart munitions. In munitions applications, other ad- 
vantages of the present position and orientation measure- 
ment system include: (1) the capability of a smart muni- 
tions with such a sensing system to be capable of deter- 
mining its position and orientation while in flight with re- 
spect to one or more ground stations or other moving 
platforms, (2) the capability of a munitions to have au- 
tonomous position and orientation system, and (3) the 
position and orientation sensing system will be minimally 
intrusive and consume relatively low power. 
[0004] For a moving object such as a smart munition to be 
guided or its motion altered or controlled, the control 
system that provided guidance and control action must 


have real-time information about the position and orien- 
tation of the object. In general and depending on each 
specific application, the position and orientation may be 
those of the moving object relative to a ground station, or 
relative to another moving platform. 

[0005] jo meet the requirements of the U.S. Army's future needs 

in the areas of precision-guided direct- and indirect-fire 
munitions, it is important that the position and orientation 
sensors be capable of being integrated reliably and eco- 
nomically into small- and medium-caliber munitions as 
well as long-range munitions. In particular, it is desirable 
to embed such sensors in the munitions, and that the 
sensors be autonomous and provide onboard position and 
orientation information relative to a ground station or 
other moving platforms. 

[0006] C urrently, radar-based guidance, often augmented by 

Global Positioning System (GPS) data, is used to determine 
information related to the position of munitions. Radar- 
based guidance of munitions is based upon the use of ra- 
dio frequency (RF) antennas printed or placed on the sur- 
face of munitions to reflect RF energy emanating from a 
ground-based radar system. The reflected energy is then 
used to track the munition or the stream of bullets on the 


way to the target. The surface printed or placed antennas 
are, however, not suitable for munitions applications since 
they cannot survive the firing environment and readily 
loose their accuracy. Such surface printed or placed an- 
tenna based sensors also require large amount of power 
for their operation, and are very sensitive to geometrical 
variations and tolerances. 

[0007] Corrections to a munition's flight path are currently possi- 
ble but only if the munitions are equipped with an addi- 
tional suite of internal sensors such as Inertia Measure- 
ment Unit (IMU's), accelerometers, and gyroscopes. Global 
Positioning Signals (GPS) are also used alone or in combi- 
nation with other sensors such as accelerometers and gy- 
roscopes. However, the inertia based sensors are relatively 
complex and inaccurate, occupy a considerable amount of 
volume, consume a large amount of power, are prone to 
drift and settling problems, and are relatively costly. The 
GPS sensors cannot provide orientation information and 
are prone to the loss of signal along the path of travel. 

[0008] Furthermore, the current IMU technology cannot be im- 
plemented for munitions that are subjected to extremely 
high acceleration rates during firing, such as medium and 
small caliber munitions. High performance munitions may 


be subjected to accelerations in excess of 100,000 Gs. In 
general, inertia based sensors have not been successfully 
developed to survive firing accelerations of 30,000 Gs and 
over and also be capable to have measurement sensitivity 
to measure low acceleration levels required for guidance 
and control purposes. 
[0009] it is readily appreciated by those familiar with the present 
art that the issues and concerns that were described 
above for munitions are generally true for all mobile plat- 
forms. 

[0010] a need therefore exists for position and orientation mea- 
surement systems (sensors) in general, and for those that 
could be mounted or embedded into various moving plat- 
forms for their guidance and control. In munitions appli- 
cations in particular, the full position and orientation 
(pitch, yaw and roll) information will define the motion of 
munitions in-flight and allows it to be guided towards its 

target. 
Summary of Invention 

[001 1] jhe development of an autonomous onboard absolute 

position and orientation measuring system (sensors) of 
the present invention fills this need by providing a means 
of determining the position and orientation of an object in 


flight with reference to a ground station or another mobile 
platform. It provides a means of efficaciously and eco- 
nomically embedding position and orientation measuring 
sensors for guidance and control purposes into the fins or 
body of projectiles and missiles such as supersonic, highly 
maneuverable small, medium-caliber and long range mu- 
nitions. With such, generally embedded, position and ori- 
entation sensors, onboard munitions, it becomes possible 
to provide heretofore-unachievable accuracy from these 
munitions. It is an object of the present invention to pro- 
vide a multiplicity of viable embodiments for achieving 
this accuracy. 

[0012] | n a fj rs t embodiment of the present invention, electro- 
magnetic open waveguides embedded in a first object re- 
ceive continuous or pulses of polarized RF energy in an 
appropriate frequency from at least one illumination 
source that is fixed to a second object. At any instant of 
time, the waveguides embedded in the first object may be 
in the line-of-sight of the illuminating source or may be 
out of line-of-sight of the illuminating source fixed to the 
second object. The objective of such a waveguide and il- 
luminating source system is to measure the position and 
full orientation of the first object relative to the second 


object. From the magnitude and/or phase information re- 
ceived by the waveguides embedded in the first object, 
the position and full orientation of the first object relative 
to the second object can be determined, generally using a 
minimum of onboard electronics. 
[0013] | n a second embodiment, at least one linear accelerometer 
embedded in a first object is used to determine the posi- 
tion of the first object relative to a second object and 
waveguides embedded in the first object and one or more 
illuminators fixed to the second object are used to deter- 
mine the orientation of the first object relative to the sec- 
ond object. 

[0014] | n y e t another embodiment of the present invention for 

munitions the open waveguides are embedded in the fins 
or body of munitions. The waveguides equipped with in- 
ternal RF antennas working in resonance, which may be 
referred to generally as slot waveguide antennas, provide 
onboard orientation information based on the magnitude 
of the received electromagnetic energy. The resonant 
apertures may take the form of mechanically tuned 
waveguides, such as sectoral horn waveguides, that are 
molded or machined into the fins or body of the object. 
This embodiment of the present invention presents nu- 


merous features. In particular, the position and orienta- 
tion measuring system can be advantageously and eco- 
nomically integrated into the structure of a munition. 
[0015] jhe illuminating polarized RF signal being transmitted 

from a fixed ground station or from any mobile platform 
towards the waveguide sensors need only be transmitted 
for very short periods of time to provide the necessary in- 
formation for the waveguide sensors to operate. These 
resonant cavities may be thought of as special onboard RF 
antennas. 

[0016] a principle of operation of the present position and orien- 
tation measurement system is based on the receiving 
characteristics of waveguide cavities fixed to the structure 
of the object to receive polarized radio frequency signals. 
In an embodiment of the present invention, the waveg- 
uides operate as resonance type antennas at or near the 
frequency of the illuminating electromagnetic field. The 
maximum signal is received when the waveguide is 
aligned with the transmitted polarized electromagnetic 
signal. At a given distance from the illuminating polarized 
RF source, the signal received by a waveguide is sensitive 
to its orientation relative to the illuminating source. This 
characteristic of the waveguide in the presence of a polar- 


ized illuminating source is the basis of the operation of 
the present position and orientation sensor and provides 
the orientation information. As the distance between the 
illuminating source and the waveguide is varied, the pat- 
tern of waveguide reception as a function of its orienta- 
tion relative to the illuminating source does not change 
but its magnitude does. For a given orientation of the 
waveguide relative to the illuminating source, as the dis- 
tance between the two increases, the strength of the sig- 
nal received by the waveguide is reduced by a factor that 
is inversely proportional to the distance squared. 
[0017] | n an embodiment of the present invention, one or more 

position and orientation measuring waveguide are em- 
bedded in the object of interest. A multiplicity of polar- 
ized RF illuminators (sources) are then positioned at 
known positions relative to each other and provide tem- 
porally synchronized, continuous or pulsed polarized RF 
signals in known directions towards the intended object. 
The spatial position and full orientation of the intended 
object can then be determined from the signals received 
at the embedded waveguides as described below. With 
this embodiment of the present invention, no other posi- 
tion and/or orientation sensor information is required for 


the determination of the position and full orientation of 
the intended object relative to the illuminating sources. In 
general, a minimum of three waveguide sensors needs to 
be embedded into the intended object so that together 
with a minimum of three illuminators to provide onboard 
measurement of the full position and orientation of the 
object relative to the illuminators. 
[0018] The position of the object relative to the illuminators can 

be determined by measuring the time taken for each sig- 
nal to travel from each of the illuminators to the waveg- 
uides embedded in the object. Knowing the time taken for 
the signal to reach the waveguides embedded in the ob- 
ject, and since the speed of travel of electromagnetic 
waves is known (equal to the speed of light), it is possible 
to determine the distance traveled from each illuminator 
to the object. 

[0019] jhis process provides distances (Dl through D3) for a 

three-illuminator set-up. Essentially distances Dl D3 are 
the radius of spheres, over which surfaces the object with 
embedded waveguides could be located. The three 
spheres intersect at two points, at one of which the object 
is located. The corrected position is selected considering 
the fact that the motion of the object has to be continuous 


and by knowing the position of the object a small enough 
amount of time earlier. The position of the object relative 
to the three illuminators is thereby determined. By mea- 
suring the position of the object at small enough intervals 
of time, the velocity of the object is also determined. 

[0020] | n this embodiment, three or more illuminators are con- 
sidered to be used. A minimum of three illuminators is re- 
quired though a greater number increases the accuracy of 
the onboard calculations. Similarly, by employing a 
greater number of waveguides on the object than the 
minimum required number, the accuracy of the measure- 
ments is increased. 

[0021] | n this embodiment, all illuminators in the system are 

temporally synchronized, with one illuminator designated 
as the master reference signal provider. The master signal 
provider triggers the other illuminators to send pulsed RF 
signals at a common, precise time. By choosing a different 
operating frequency for each illuminator, they can be 
uniquely identified by sensors onboard the moving object. 
The orientation of the moving object is also determined as 
previously described. As the result, the object will have an 
onboard system (sensor) to determine its position and full 
orientation relative to the illuminators that may be fixed 


or moving. 

[0022] a method of determining distance is based on the mea- 
surement of the elapsed time for each of the signals from 
the illuminators to reach one waveguide embedded into 
the moving object. The time taken by the signals emitted 
from each of the illuminators to arrive at the moving ob- 
ject is proportional to the distance it has traveled. In par- 
ticular, since electromagnetic waves travel at the speed of 
light, the distance traveled is the product of the time 
taken to reach the embedded sensor and the speed of 
light. Even though only one waveguide is required to de- 
termine the position of the moving object relative to the 
illuminators, by using more waveguides, the position of 
the moving object relative to the illuminators can be de- 
termined more accurately. 

[0023] Another embodiment of the present invention relies on 
three independently oriented accelerometers, such as a 
tri-axial accelerometer, to determine the position of the 
moving object relative to a fixed or moving object, for ex- 
ample for determining the position of a munition in flight 
relative to a fixed or mobile ground station. A tri-axial ac- 
celerometer unit is a device comprised of three ac- 
celerometer devices mounted with their respective accel- 


eration sensitive axes in orthogonal directions. 
[0024] | n y e t another embodiment of the present invention, em- 
bedded waveguides illuminated by a single polarized RF 
source as previously described is used to measure angular 
orientation of the moving object relative to the illumina- 
tor, being fixed or mobile. The position of the moving ob- 
ject is then provided by the GPS. 
Brief Description of Drawings 

[0025] The above and other features of the present invention and 
the manner of attaining them, will become apparent, and 
the invention itself will be best understood, by reference 
to the following description and the accompanying draw- 
ings, wherein: 

[0026] FIGS. 1 and 2 represent views of the embodiment of an 
autonomous onboard absolute position and orientation 
measurement system (sensor) for a munition application 
illustrating a preferred relative distribution of a plurality of 
embedded waveguide sensors in the fins of a munition for 
guidance and control; 

[0027] FIG. 3 is an enlarged view of a representative fin with em- 
bedded waveguide sensors forming part of the munition 
of FIGS. 1 and 2; 

[0028] FIG. 4 is an enlarged view of a waveguide antenna of the 


type employed in the position and orientation measuring 
system of FIGS. 1 and 2 to be embedded in the fin of FIG. 

3; 

[0029] FIG. 5 is an illustration of the preferred coordinate sys- 
tems that can be used to indicate the orientation of an 
object in flight (in this case a munition) relative to a fixed 
object (in this case a gun). In this illustration, the orienta- 
tion is described by the pitch, yaw and roll, customarily 
used for munitions in flight; 

[0030] FIG. 6 is an illustration of an autonomous onboard abso- 
lute position and orientation measurement system of a 
first embodiment of the present invention, illustrating a 
plurality of polarized radio frequency sources, called illu- 
minators, shown surrounding a first object (in this case 
the fixed gun emplacement), to provide temporally syn- 
chronized, pulsed or continuous polarized RF signals that 
illuminate a second object (in this case a munition in 
flight), for providing on-board information about the po- 
sition and orientation of the second object (munition in 
flight) relative to the first object (the fixed gun); 

[0031] FIG. 7 is an illustration of the geometry and parameters of 

interest in the determination of the position of the second 
object (in this case a munition in flight) relative to a first 


object (in this case the fixed gun emplacement 730) in the 
embodiment of FIG 6; 
[0032] FIG. 8 is an illustration of an autonomous onboard abso- 
lute position and orientation measurement system 
(sensor) of the second embodiment of the present inven- 
tion, illustrating an implementation that relies on at least 
one triaxial accelerometer to determine the position of a 
first object (in this case a munition in flight) by sensing 
accelerations in X, Y, Z directions of a Cartesian coordi- 
nate system fixed to the object relative to the fixed refer- 
ence Cartesian coordinate system X Y Z , wherein the 

ref ref ref 

signals from at least one e polarized radio frequency 
transmitter (illuminator) is received by waveguides em- 
bedded in the first object to determine the orientation of 
the object relative to the reference coordinate system X Y 

ref 

Z , so that together, they provide a system (sensor) for 
the measurement of the position and orientation of the 
first object relative to the reference coordinate system X 

Y Z 

ref ref ref; 

[0033] Similar numerals refer to similar elements in the drawings. 

It should be understood that the sizes of the different 
components in the figures are not necessarily in exact 
proportion or to scale, and are shown for visual clarity and 


for the purpose of explanation. 

[0034] FIG 9 shows the main components of the preferred em- 
bodiment of the present embedded position and orienta- 
tion measuring system. 

[0035] Figure 10 represents data collected by a sectoral horn 

waveguide sensor from a polarized source positioned at a 

fixed distance. Experimental data relating the waveguide 

output to the angular orientations 0^ 0 y and © z may be 

readily measured in an anechoic chamber. 
Detailed Description 

[0036] FIGS. 1 and 2 illustrate an autonomous onboard position 
and orientation measurement system (hereinafter also re- 
ferred to as "position and orientation sensor") 10 for an 
object (in this case a munition) 20. The present invention 
has particular utility where the object is a munition for 
tracking such munition during flight. However, those 
skilled in the art will appreciate that the system and 
methods of the present invention are useful with other 
types of objects, for example for onboard measurement of 
the position and orientation of a mobile robotic platform 
relative to the ground (for a fixed illuminating source) or 
another mobile robotic platform (on which the illuminat- 
ing source is affixed) for navigational purposes; for mea- 


surement of full position and orientation of a vehicle as 
being tested for suspension performance, and in general, 
in any system or device in which the position and orienta- 
tion of the system or device is to be measured relative to 
a fixed (ground) or moving platform. In all such applica- 
tions, the desired position and orientation are measured 
directly (for example, not by measuring accelerations) and 
the information is available onboard the system or device 
itself and can be made available to any other fixed or mo- 
bile station, including the ground or mobile station where 
the illuminating source is located. The position and orien- 
tation sensor 10 is comprised of one or more waveguide 
antennas (hereinafter also referred to as "waveguides") 
100 and 200, some of which are shown for illustration 
purpose. 

[0037] with further reference to FIG. 3, the waveguides 100 and 
200 are embedded along various sides or faces of each or 
selected fins 30 of the munition 20. In FIG. 3, the waveg- 
uides are shown to be embedded in the fins of the muni- 
tion. It is, however, appreciated by those skilled in the art 
that the waveguides may be embedded anywhere in an 
object, as long as it is not covered by materials that block 
the propagation of the emitted electromagnetic waves into 


the waveguide cavity. The waveguides may, for example 
for the case of munitions with fins, be along a radial face 
130 of a fin 30 as the waveguide 100 with the corre- 
spondingly rectangular shaped frontal openningl40; or as 
an axial waveguide 200 that extends along a longitudinal 
face 230 of the fin 30 and is embedded within a corre- 
spondingly rectangular shaped frontal opening 240. 

[0038] The waveguides 100 and 200 are generally similar in de- 
sign and construction, and therefore only one representa- 
tive antenna 100 will be described in more detail. The 
waveguide 100 is comprised of a waveguide cavity 115 
and a receiver 111 secured to the base area of the waveg- 
uide cavity 115, as shown in FIG. 4. 

[0039] Depending on the desired application, the waveguide cav- 
ity 115 may be filled with air or a solid or liquid dielectric. 
In addition to the features of the waveguide 100 that have 
been previously enumerated, the embedded nature of the 
waveguide cavity 115 enables a strong structure. The rel- 
atively simple design of the waveguide 100 also reduces 
the implementation costs. 

[0040] Referring now to FIGS. 1 and 4 there is shown a represen- 
tation of the waveguide sensor 100 and its operation with 
respect to a polarized radio frequency illumination source 


(or illuminator) 400 affixed to a ground control station. An 
electromagnetic wave consists of orthogonal electric (E) 
and magnetic (H) fields which are orthogonal to each 
other. The electric field E and the magnetic field H of the 
illumination beam are mutually also orthogonal to each 
other and to the direction of propagation of the illumina- 
tion beam. In line-of-site applications polarized mi- 
crowave energy, the planes of E and H fields are fixed and 
stay unchanged in the direction of propagation. Thus, the 
illumination source establishes a coordinate system with 
known and fixed orientation, and a polarization with a 
known plane of reference as set by the illuminating source 
400 of the ground station. The waveguide 100 reacts in a 
predictable manner to a polarized illumination beam. 
When three or more waveguides are distributed over the 
body of an object, and when the object is positioned at a 
known distance from the illuminating source, the ampli- 
tudes of the signals received by the waveguides can be 
used to determine the orientation of the object relative to 
the illuminating source. The requirement for the proper 
distribution of the waveguides over the body of the pro- 
jectile is that at least three of the waveguides be neither 
parallel nor co-planar. 


[0041] with more specific reference to FIGS. 1 and 4, the polar- 
ization mismatch between the illuminating source 400 
and the sectoral horn waveguide sensor 100 is caused by 
a variation in the angle 0 , FIG. 1. At a given positioning 
of the waveguide 100 relative to the illuminating source 
400, the amplitude of the signal received by the sectoral 
horn waveguide 100 is also a function of rotations 0^ and 
0 . For the waveguide 100 shown in FIGS. 1 and 4, the 
amplitude of the signal received is most sensitive to rota- 
tion 0 and least sensitive to rotation 0 . 

X z 

[0042] For a given waveguide and illuminating source, the rela- 
tionships between the signal received at the waveguide as 
a function of the angles 0 0 and 0 can be described as 

x, y Z 

follows. 

[0043] it i S W ell known that for an arbitrary pair of transmit and 

receive antennas, such as the illuminating source 400 and 
the sectoral horn waveguide receiver antenna (sensor) 
100, in free-space, the power received at the terminal of 
the receiving antenna is given by the so-called Friis trans- 
mission equation. For a given position of the waveguide 
sensor 100 relative to the illuminating source 400, this 


transmission equation can be written as 


[0044] 


P r = P, (A / 4ttR) 2 Gtot G^G X , 6 Z ) |p f • p r | 2 


(1) 


[0045] where P and P are the transmitted and received powers, 

t r 

respectively; X is the wavelength and R is the radial dis- 
tance between the transmitter and receiver; □ and □ are 

t r 

the polarization unit vectors of the transmitter and re- 
ceiver, respectively; G is the total gain corresponding to 
factors other than spatial orientation of the receiver rela- 
tive to the illuminating source; and for a given waveguide 

cavity, G is a function of the angular orientation of the 

g 

waveguide indicated by the angles 0 and 0 , and is re- 
lated to the geometrical design of the waveguide cavity. 
For most practical antennas, the gains G and G are 

tot g 

complicated functions of antenna geometry, size, material 
properties and polarization. In general, these functions 
have to be theoretically evaluated or measured in an ane- 
choic chamber. While closed-form analytical expressions 
for some canonically shaped antennas, for other antenna 
types one needs to resort to numerical techniques such as 
Method of Moments (MOM), Finite-Difference Time Do- 
main Method (FDTD), or Finite Element Method (FEM), all 


of which are well known in the art. 

[0046] For a given sectoral horn waveguide antenna 100, 200 

positioned at a fixed distance from a polarized illuminat- 
ing source, the waveguide output power as a function of 
the angular orientations described by angles 0^ 0 y and 0 
, may readily be measured in an anechoic chamber. For a 
given position and orientation measurement application, 
such measurements can be made for the full range of 
spatial rotation of the waveguide sensors 100, 200 and 
the information can be stored in tabular or graphical or 
any other appropriate form. This information serves as 
calibration data for each waveguide sensor 100, 200. 
Then when three or more waveguide sensors 100, 200 are 
embedded in an object 20, for a given position of the ob- 
ject 20 relative to the illuminating source 400, the power 
output of the waveguides 100, 200 can be matched with 
the calibration data to determine the spatial orientation of 
the object 20 relative to the illuminating source 400 which 
may be stationary or moving relative to the object 20. For 
a typical sectoral horn waveguide, the plot of the power 
output as a function of the angular rotations T and 0 , as 
measured in an anechoic chamber is shown in FIG. 10. 

[0047] FIG. 5 is an illustration of a coordinate system 761 fixed 


to the object in flight 762 (in this case a munition) for in- 
dicating its orientation relative to a fixed object (in this 
case the coordinate system 765 is fixed to the gun 730). 
In the coordinate system 761, the orientation of the object 
in flight (762) relative to the fixed coordinates 765 is de- 
scribed by the pitch (766), yaw (767) and roll (768), cus- 
tomarily used for objects, such as munitions, in flight. 

[0048] FIG. 6 illustrates yet another embodiment 710 of the 

present invention, which relies on three or more of, 
preferably pulsed, radio frequency sources (illuminators) 
720, providing temporally synchronized, excitations that 
illuminate a projectile such as a munition 740 (or any 
other object). A minimum of three illuminators 720 is re- 
quired though a greater number increases the accuracy of 
the onboard position calculations. The positions of the il- 
luminators 720 relative to the gun do not need to be 
known, as long the position of the projectile 740 is de- 
sired to be determined relative to the illuminators 720. If 
the position of the projectile 740 relative to the gun 730 
is desired to be determined, then the position of the illu- 
minators 720 relative to the gun 730 needs to be known. 

[0049] with reference to FIG 7, the radio frequency pulses ema- 
nating from the illuminators 720 propagate to the projec- 


tile 740 in flight. The time taken for the signals to reach 
the projectile 740 from each illuminator 720 is then mea- 
sured and used to calculate the distance between each of 
the illuminators 720 and the projectile 740, knowing the 
speed of propagation of electromagnetic signal to be 
equal to the speed of light. 
[0050] still with reference to FIG. 7, it can be understood that the 
distances d , d and d , as measured from each of the il- 

1 2 3 

luminators 720 to the projectile 740 can be used to calcu- 
late the position of the projectile 740 relative to the illu- 
minators 720 and to the gun 730. It is obvious to those 
skilled in the art that the position of an object in space 
relative to another object requires three independent dis- 
tance measurement such as those of d , d and d , or al- 

1 2 3 

ternatively coordinates X, Y and Z in the Cartesian coordi- 
nate system X Y Z , in which the position of the illu- 

ref ref ref 

minators 720 and the gun 730 are known, or simply by a 
position vector D, which is a vector drawn from the origin 
O of a coordinate system of interest such as the X Y Z 

ref ref ref 

coordinate system to the position of the object of interest, 
in this case the projectile 740. 
[0051] Succinctly, the algorithm for calculating the distance and 
the position vector is as follows: The distances, d , d and 


[0052] | n another embodiment of the present invention, the posi- 
tion of the projectile 740 is measured using GPS and the 
orientation of the projectile 740 relative to a fixed or mo- 
bile object indicated by the Cartesian coordinate system X 
Y Z by the waveguides illuminated by the illuminator 

ref ref ref 

840, FIG. 8. It should be apparent that other modifications 
might be made to the present referencing systems 10, 
710 and 810 without departing from the spirit and scope 
of the invention. As an example, though the present in- 
vention has been described in relation to a projectile, it 
should be clear to one of ordinary skill in the art that the 
present invention may also be used to measure the posi- 
tion of an object relative to another fixed or mobile ob- 
ject; the orientation of an object relative to another fixed 
or mobile object; or the position and orientation of an ob- 
ject relative to another object. The measurements may be 
planar or spatial. 
[0053] FIG 9 shows the main components of an embodiment of 
the present embedded position and orientation measuring 
system. The schematic shows the object 900 with the em- 
bedded (attached) waveguide sensor units 901. The coor- 
dinated system X Y Z (907) is considered to be fixed 

obj obj obj 


to the object 900. Each waveguide sensor unit 901 con- 
sists of a waveguide 904, the output of which is sent to 
the data collection and processor unit 905 via a connec- 
tion 906. Preferably, one central data collection and pro- 
cessing unit 906 serves all the waveguide sensor units 
901, and is used to perform the aforementioned position 
and orientation calculations. Three or more polarized ra- 
dio frequency illuminating sources 902 are positioned at 
different locations (only one source is shown in FIG 9 for 
clarity). The illuminating sources 902 may be fixed or 
moving. A reference coordinate system X Y Z (903) is 

ref ref ref 

considered to be fixed to the illuminating source. The 
three or more reference coordinate systems 903 define a 
referencing system relative to which the position and ori- 
entation of the object 900 is to be measured. 
[0054] while there has been shown and described what is con- 
sidered to be preferred embodiments of the invention, it 
will, of course, be understood that various modifications 
and changes in form or detail could readily be made with- 
out departing from the spirit of the invention. It is there- 
fore intended that the invention be not limited to the ex- 
act forms described and illustrated, but should be con- 
structed to cover all modifications that may fall within the 


scope of the appended claims. 


